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1 Introduction 


The Effective quark model with chiral U{3) x U{3) symmetry P] has been successfully 
applied to the calculation of the non-leptonic decays of charmed A+-baryon [2113], the 
S-wave amplitudes of KN and K~d scattering at threshold ini ini and the analysis of 
the polarization properties of the A°-hyperon, produced from the Quark-gluon plasma 
[7j. The value of the cx^Ar-term, = 60MeV calculated within the Effective quark 
model with chiral U{3) x U{3) symmetry pp, agrees well with the experimental value 
= 6 II 4 MeV, extracted from the experimental data on the energy level displacement 
of the ground state of pionic hydrogen |lj. 

In this paper we apply the Effective quark model with chiral U{3) x U{3) symmetry to 
the calculation of the transition magnetic moment /isoaO; responsible for the —>■ A° + 7 
decay. A new interest to this decay is connected with the experimental search for the 
Kaonic Nuclear Cluster K~pp state (the KNC |.H) |H], predicted within the Potential 
model approach by Akaishi and Yamazaki [0] and the Phenomenological quantum held 
theory model in Hg. Experimentally the existence of the KNC is analysed by means 
of the invariant-mass spectrum of the A^p pair, induced by the decays —> A° + p and 

|.H —>■ + p. Due to the decay —> A° + 7 the experimental invariant-mass spectrum 
of the A^p pair should contain two peaks. One of these peaks is located at the mass of 
the KNC |.H. It is dehned by the |-H —A° + p decay. Another one is shifted to left from 
the mass of the KNC by about 78 MeV. This shift is dehned by the photon energy in 
the l-H —^-S^+p—i>A° + 7 + p cascade decay. 

The paper is organized as follows. In Section 2 we calculate the angular distributions 
of the ^ A'^y decay rate in the laboratory and in the rest frame of the - hyperon in 
dependence on the polarizations of the baryons. We calculate the dynamical polarization 
vector of the A°-hyperon. In Section 3 we calculate the transition magnetic moment 
Asoao = ~ 1.62, measured in nuclear magnetons. The calculation is carried out in the 
Ehective quark model with chiral U{3) x U{3) symmetry. The theoretical result agrees 
well with the experimental value ~ (1.61 ±0.08) jTTj and the theoretical prediction 

within the naive quark model = — 1.57 ± 0.01 ^21- In Ihe Conclusion we discuss 

the obtained results. 


2 Angular distribution of the ^ A ^7 decay rate 

The ^ A °7 decay is the Ml electromagnetic transition. The amplitude of this tran¬ 
sition is dehned by 

M(S°^ A°7) = A4^e;(fc,A)(A°(fcso,aso)|J70)|S°(fcAo,cTAo)), (2.1) 

where J'^(O) is the electromagnetic hadronic current, e*^{k, A) is a polarization vector of a 
photon and a = 1/137.036 is the hne-structure constant. Due to the Ml transition the 
matrix element of the electromagnetic hadronic current is 

(A°(/cso, (Xso)! J'^(0 )|S°(/cao, (Tao)) = — gY^oj^ou\o{k\o,aj<^o)a^^k^UY.o{k-£o,aj^o), (2.2) 

where = ( 7 ^ 7 ^ — 7 ^ 7 ^)/ 2 , ps^AO is the effective coupling constant of the transi¬ 
tion A°, caused by strong low-energy interactions, and k = — ^a^) and 
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u/^o{kj^o, a/^o) and M 2 o(fcso, O'so) are the bispinors of the A° and hyperons, normalized 
by uyiky, <Jy)uy{ky, ay) = 2my for F = and A°. 

The width of the ^ A'^y decay for nnpolarized baryons is proportional to 

i E E 5 ; |M(E»^A» 7 )P = 

(t^ 0=±1/2 f7j,o=±l/2 A=±l 

= 27 iagyojyo ^ e*(fc, X)ea{k, X)kt,ki3tT{{my,o + kj:o)a^'^{rriAO + k\o)a°'^} = 

x=±i 

= 2'Kag^op^o ^ e*(fc, X)ea{k, X)kukiiii{kY,oa^''k^oa'^^} = 32Trag^o/^oik ■ k^o){k ■ kj^o) = 

\=±i 

= 32710 g^oj^o m'^ouj^, (2.3) 

where cuq = — rn^o)/2mAO = 74.5 MeV [T^ is the photon energy in the rest frame of 

the E°-hyperon. 

The width of the E° ^ A^y decay is eqnal to 

r(E°^A°y) = ^ gkh f + k - fcs°) {k ■ fcs°)^ = 

TT mso y ' Et,o{kty>)uj{k) 

— ^a^f^oAocnQ. (2-4) 

Using the experimental valne for the width of the S° —> A°y decay rexp(E° —A°y) = 
(8.9 ± 0.8) X 10“^ MeV [TT] we get (^soao = (8.6 ± 0.4) x 10“'^MeV“\ The effective 
conpling constant gya^o can be expressed in terms of the transition magnetic moment 
S'sOAO = AsOAo/ 2 mAr, where |psOAo| = 1-61 ± 0.08 [TT] . 

In the laboratory frame, where the E°-hyperon moves with a velocity vyo = kso/Eso, 
the angnlar distribntion of the —> A'^y decay rate can be investigated with respect to 
both the relative angle '&yo\o of the E'^A^ pair and the relative angle of the E°y pair. 

For the nnpolarized baryons the angnlar distribntion of the A°-hyperon relative to 
the direction of the motion of the E'^-hyperon is 

dB(E° ^ A°7) 1 ^ ,2 5) 

dklyof^o I^Aol — Ej\fi\vyo\ COS'd^OAO 

where y^o = 1 / ^/1 — v^o- The kinematical parameters of the baryons are related by 
Ea° — |^Ao||hso| cos'dsoAo = {myo — a;o)/yso- This allows to obtain the energy spectrum 
of the A° - hyperon 


dB{E^ AOy) 
dE\o 


2yso|hso| ujq 


( 2 . 6 ) 


In turn, the angular distribution of the photon relative to the direction of the motion of 
the E° - hyperon takes the form 


47r 


d5(E° ^ A°y) 


dfl 


SO 7 


47ry|o (1 - |Fso| cos ^ y : o ^)‘^' 


(2.7) 
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The photon energy in the laboratory frame is related to the photon energy in the center of 
mass frame as ojq = 7 so<^ (1 — |i7so| cos'ds 07 )- This allows to calculate the energy spectrum 
of the photon 

^ a°7) _ 1 ^ 1 p g, 

du! 27^0 |hso I cuo a;+ — a;_ ’ 


where a;+ = a;o/ 7 so(l — |hso|) and a;_ = a;o/ 7 so(l + |hso|) are the maximal and minimal 
energy of the photon, emitted by the S'^-hyperon in the laboratory frame. 

In the rest frame of the -hyperon the angular distribution of the decay rate is equal 
to 


, ^ A°7) ^ 

dSV ’ 


( 2 . 9 ) 


where d^l\o = 27rsin'dAod-^AO and -dAO is polar angle relative to the momentum /cao = — k 
of the A°-hyperon at the rest frame of the S°-hyperon and = tt — 'dAo- 

For the polarized hyperons, which we denote as E° and A°, the expression ( 12 .dj) changes 
as follows ini (see also mi): 


^ |M(S° ^ A° 7 )P = 2'KagloAo e* (A:, A)e„(fc, 

A=±l A=±l 

X tr{(mso + fcso)(l + + fcAo)(l + 'y^Uo)cr°‘^}- (2.10) 

Here (y = IfiCy for Y = A°, where (y is the 4-polarization vector of the H-hyperon 

mi (see also [El)- 

c;; = (hiT:.7.+ \ ^ 

V my my{Ey{ky)+my)J 


where ^y is a 3-dimensional polarization vector of the H-hyperon, normalized to unity 
= 1. The polarization vector (y satishes the constraints C,y = —1 and fcy ■ = 0. 

The result of the calculation of the trace in (ITTUl) is 

^ |M(S° ^ A°7)P = 327ra5(|oAo|(A; ■ kyof - {k ■ kyofiCyo ■ (ao) 

A=±l 

-myo{myo + rriAo) {k ■ Cyo){k ■ Cao) - ^ (,k ■ fcyo)^ {k x (fyo) ■ {k x (ao) 

-^ {k X kyo) ■ {k X kyo) {k ■ (yo) {k ■ Cao) + — {k ■ ky,o){k ■ C,Ao){k X kyo) ■ {k X (fyo) 

H —2 ' ^T.o){k ■ Cso)(A: X k\o) ■ {k x Cao)j’- ( 2-12) 

We have carried out the summation over the transverse polarizations of the photon. 

The angular distribution of the A°-hyperon relative to the direction of the motion of 
the - hyperon can be written in the following general form PI 


dvr 


dB{fP AO 7 ) ^ dB{TP AO 7 ) 


dffyOAO 


= dvr- 


dffyOAO 


(1 + Pao • Cao), 


(2.13) 
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where P/^o is a dynamical polarization vector of the A° - hyperon. Following the procednre 
exponnded in [T3] we obtain 


Pao = [ 


f 771^0 + niAO 




{kAO ■ Ct.o] 


{k-£0 X /cao)^ kAO ■ Ct.o {k-£0 X kAo) ■ {{kso — /cao) X 




X 


-Fso 


kAO 

rriAo 

1 




(fcso ■ kAo)kAO 
mA0{EA0 + ruAo] 


kj]0 ■ Cso \ kAO 


Ej^o / ttiao ' mAo{EAo+mAo) 

(((^so — kAo) X (so) ■ (^so X kAo))kAO 


+ 


\kj]0 — /cao Pmsoa^o 
{kAO ■ Cj]o)kAO 


I kj^o — ^AO P 

/cao ■ (so 


so - kAo) ■ (so)(fcso - kAo) 


rriAO^EAO + rn Ao) 


msoujQ 


(/cso X /cao) X (/cso — ^Ao) + 


(fcso X kAO^kAO 

uiao^Eao + rriAo) 


(2.14) 


In the rest frame of the - hyperon the dynamical polarization vector of the A° - hyperon 
takes the form 

Pao = (Aao • (so)nAo, (2.15) 

niAo 


where uao = kAo/ooo- Since in the rest frame of the -hyperon /cao = — k, uao is a nnit 
vector fi^o = 1- 

The dynamical polarization of the A°-hyperon, averaged over all directions of the 
vector f?AO, amonnts to 

(-Pao) = - - ^-(so- (2-16) 

6 niAo 

Onr results and (jnni) agree well with those obtained in mm 


3 Transition magnetic moment /i^oAO 

The transition magnetic moment psoAo responsible for the —>■ A'^ + y decay is related to 
the effective coupling constant ^fsOAO by psOAO = ‘^mNgT.OAO- The calculation of the effective 
coupling constant (^soao we carry out in the Effective quark model with chiral U{3) x 17(3) 
symmetry m-ITI For this aim we calculate the matrix element of the electromagnetic 
hadronic current (A°(A;so, crso)| J'^(0 )|S°(/cao, o'ao))- 

After the application the reduction technique and the equations of motion DQ the 
matrix element (A‘’(fcso, crso)| J^(0)|S‘’(fcAO, f^Ao)) takes the form 

(A°(/Cso,crso)|j^(0)|s°(/CAO,0-Ao)) = - J 6 ^ ^ 

XUAo{kAO,aAo) (0|T(yAo(a;)d/,(0)f7so(2/))|0)cMso(lsso,o-so), (3.1) 

where T is a time-ordering operator, the index c in (0| ... |0)c means the calculation of 
the connected part of the vacuum expectation value, Jfj,{0) is the electromagnetic quark 
current 

'^/^(O) = ^ ue{0)'y^uei0) - ^ d£(0)7^d£(0) - ^ S£(0)7^S£(0), (3.2) 
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Figure 1: Feynman diagrams of the SO —>• AO transition in the Effective quark model with 
chiral U{3) x U{3) symmetry. 


where Ui{0), di{0) and 5^(0) are current quark helds. The summation over the “colour” 
index i = 1,2,3 is assumed. Then, ri\o{x) and fjEoiv) are the three-quark densities 

DEIIIHI 


r]Ao{x) = -^e'^’‘{[u^i{x)'yf,Sj{x)]'y^'y^dk{x) - [d<^i{x)'yi,Sj{x)]Y'y^Uk{x)}, 

Vt.o{x) = -^e^^’^{[u'^i{x)'y^dj{x)]Y'y^Skix)+ [d'^i{x)'yf,Uj{x)]Y'y^Sk{x)} (3.3) 
coupled to the AO and SO hyperons [H |2j 

(3.4) 

VZ 

The three-quark density f]Y:o{x) is equal to 


/:efr(a;) = -^A°(a;) rjAoix) + ^J:°{x) riY,o{x) + h.c.. 


hso(a:) = +\J^e^^^{si{x)-^^^-i^[dj{x)-ff,ul{x)] + Si{x)-^^-i^[uj{x)-^^dl{x)]}. (3.5) 

The coupling constant qb is calculated in PQUHI: Qb = 1-37 x lO^'^MeV”^. 

The matrix element eni is dehned by Feynman diagrams in Fig.l. In the coordinate 
representation the analytical expression of the matrix element m takes the form 

(A0(A:so,aso)|J'^(0)|S0(fcAO,aAo)) = -^^7| j ^ ^ 

X hAo(fcAO, (^Aoh°''y^SP{x - y)'ypS^p\y)'yf,S^p\- x)'yaSp\x - |/)7Vwso(fcso, o-so) 

-^9b j d^xd^ye'^^^°'^~'^^^°'yii{-^o^S^fi{x-y)-y3Sf{y-x)} 
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X MA0(fcA0, o-Ao)7"7^*S'j,“^(a^)7M>S'F^(-2/)7^7^«so(^so> ^s°) 


— gif 


X MAo(fcAo,cTAo)7"7^S'S,“^(x - |/)7/3S'S^^^(2/)7^S'{^^^(-x)7„S'S,*^(a: - y)'y^'y^uj:o{kj:o, aj^o) 

-^9b j d'^xd^ye'^^^°'^~'^^^°'yti{'^aSp\x-y)'^ySP{y-x)] 

X UAo{kxo,axo)'^°‘'^^{x)'^^Sf^{-y)'^y'^^UY,o{kY,o,crY.o). (3.6) 

We have taken into account that only the isovector part {u£{0)'j^U£{0) — di{0)'j^d£{0))/2 
of the electromagnetic current gives the contribution to the transition S° —>■ A*’. 

In the momentum representation Eq. (ESI) reduces to the form 


/o 

{A^{k^o,a^o)\J>^{0)\T,^{kAo,aAo)) = — gluAo{kAO, aAo) 


X 


7“7' 


d^ki d‘^k2 
(27r)^i (27r)^2 
1 


-7/3 


-7m 


lo 


rud — k2 mu — ki mu — + kAo — ki ms — k-^o — ki + k2 




+trf 7^3 


-7o 


md - k2 ms - k2- ^ao + fci 

a 5 1 1 

+7 7 - -Ay -j-7M 


-y"-y 5 


-- '^fl -- 

mu — ki mu — k^fi + A:ao — ki 
-7a-f—-^7^7^ 


7^^ 


mu — ^2 md — ki md — k-^o + kj^o — ki mg — k-^o — ki + k2 


+tr|7;3-- 1 —TTT 

mu — k2 mg — k2 — kao + ki 
X Uj^o(k-£ 0 , (Tso). 


-y"-y 5 


-7m 


md — ki md — kj^o + /cao — fci 




(3.7) 


Applying the heavy-baryon technique, accepted for the analysis of baryon exchanges 
within Chiral Perturbation Theory (ChPT) (see also EHI^ and 122]), to the calcu¬ 
lation of the momentum integrals P] we get (see also [HI): 

W = 4 ^ + ^) = -8.62 X 10-^MeV-^ (3.8) 

^/3 mAi 167r"' V m^/ 

where {qq) is the quark condensate [Tl 1^: 


{gg) = 


3m 

dTT^ 


A^ 

X 


m 


In 


A2 

^ -1 


(-253MeV)^ 


(3.9) 


calculated at the normalization scale y = A^, where A^ = 940 MeV is the scale of the 
spontaneous breaking of chiral symmetry PP, and for = md = m = 330 MeV, the 
constituent quark mass dehned in the chiral limit |^. For the calculation of the 
integrals we have neglected the mass differences between S°, A*’ and N and have set 
mso = mAo = mjsf. Hence, the accuracy of the theoretical value ESI) is not better than 
20 %. 

For the effective coupling constant ESI) the transition magnetic moment fi-£Oj\^o is equal 
to 


ASOAO — ‘^m^g-EOAO 



m 

Svr^ 


in 



1.62, 


(3.10) 
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which agrees well with both the experimental data |/r^o^o| = (1-61 ± 0.08) and the 
theoretical value /xsoao = (■\/3/4) (p-s- — hs+) = (—1.57 ± 0.01), obtained within the 
naive quark model in terms of the magnetic moments of the charged S - hyperons /i^- = 
(-1.160 ± 0.025) and /is+ = (2.458 ± 0.010) [H]. In the naive quark model the mag¬ 
netic moments ps- and /rs+ are dehned in terms of the magnetic moments of constituent 
quarks ps- = (4/id —/rs)/3 and /rs+ = (4/in — Ais)/3. For the transition magnetic moment 
/isoAO this gives /isoAo = (/id - /in)/ US¬ 
As a result of the calculation of the momentum integrals in Eq. (ISZ3) there appears the 
term proportional to u/^o'j^u^o. Since in the heavy-baryon limit the spatial part of this 
current u\o^uj^o is of order of 0(l/m^), in the heavy-baryon limit it is equivalent to zero 
relative to the contribution proportional to u^oa^'^k^u-^o. In turn, the time-component 
■uao 7 °wso vanishes due to the orthogonality of the spinorial functions = 0. 


4 Conclusion 

We have analysed the angular distribution of the A° - hyperons, produced in the —>■ A^'j 
decay, both in the laboratory and in the rest frame of the S°-hyperon in dependence 
on the polarizations of baryons. We have calculated the dynamical polarization vector of 
the A°-hyperon. The obtained results can be used for the analysis of the polarization 
properties of the -hyperons, produced in high-energy nucleus-nucleus collisions and in 
the |.H —>• decays of the Kaonic Nuclear Cluster |.H (the deeply bound K~pp state). 

A measurement of the polarization of the S°-hyperon can be carried out through the 
measurement of the polarization of the A*^ - hyperon. 

The partial width of the —> A^y decay is dehned by the transition magnetic moment 
/isoAO. The calculation of /isoAo we have carried out within the Effective quark model with 
chiral U{3) x U{3) symmetry. The theoretical value /isoAo = — 1-62 agrees well with both 
the experimental one /i^oAol = (1-61 ± 0.08) and the predicted within the naive quark 
model /isoAo = (v^/d) (/is- — Pt.+ ) = (— 1-57 ± 0.01). 

In our approach the transition magnetic moment /isoAo does not depend on the mass 
of constituent s-quark. This agrees well with the naive quark model, where /isoAo is 
dehned by the magnetic moments of the constituent u- and d-quarks only: = 

(■\/3/4) (/is- — pt,+) = {pd — Pu)/ [El- 
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